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Abstract

Like other construction materials. shingles have their own service life based on raw materials. production method and environ-
mental and climatic conditions, At the end of their service life, shingles need to be replaced. However, these old shingles together
with manufacturing scrap and handling waste require large storage areas and pollute the environment in time. Hence. additional
usage of shingle waste is desirable. In this study, shingle waste in amounts of 1%, 2%, 3%. 4% and 5% by weight was added as
an additive to asphalt concrete mixes prepared with the optimum binder content which yielded the best stability value was 5%. After
determination of the optimum percentage of shingle to be added, rutting tests were performed on the specimens. Taking into ac-
count. the binder content existing in the shingle, mixtures were prepared with the reduced binder content by 0.5% and 1.0%. Test
results show that waste shingles can be used in HMA as an additive to improve the Marshall stability and rutting resistance of the

mixtures,
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The rise in the standard of living and the social and
economic development over the last three decades has
increased the demand for road usage, for sale and com-
fortable pavements in many countries. It is obvious that
this demand can only be satisfied with pavement design
procedures that result in pavements resistant to defor-
mations. with longer service life and with satisfactory
surface characteristics.

The commonly encountered distresses such as rut-
ting, fatigue and low temperature cracking due to in-
crease in axle loads, traffic volume. environmental
conditions and construction and design errors decrease
the expected performance and service life of pavements.
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To cope with these types of failures techniques have
been developed. One such technique is the modification
of hot-mix asphalt (HMA) by the utilization of asphalt
roofing shingle scrap. This technique can result in im-
proved performance and service life of pavements.

Approximately 11 million tons of waste asphalt roof-
ing shingles are generated in the US per year. Reroofing
jobs account for 10 million tons, with another 1 million
from manufacturing scrap. California is estimated to
generate 1.2 million tons per year; of which 1.1 million
are tear-ofls from reroofing jobs [1]. Disposal of waste
material is usually accomplished by transporting and
depositing it in landfills. If a suitable means of reusing
these materials can be found. then their environmental
liability could be significantly reduced.

Since asphalt roofing shingles are composed of 30
35% relatively hard asphalt cement, 50-60% fine aggre-
gate/mineral filler and 1-12% organic or inorganic fiber,
an alternative to landfill deposition is to use the roofing
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waste in a related bituminous material. Such applica-
tions could include its use in granular base stabilization.
patching materials or in HMA concrete [2].

The objectives of this study were to review the litera-
ture to determine the eflects of the use of roofing shin-
gles on the engineering properties of HMA and to
conduct experiments in order to evaluate the use of roof-
ing shingle waste from the manufacturing process and
from reconstruction in HMA concrete mixtures.

2. Literature review

Rescarchers at the University of Nevada-Reno inves-
tigated the economic and technical aspects of using
waste roofing for reconstruction in HMA. They con-
cluded that the use of shingle waste resulted in a lower
cost of paving material [3]. Paulsen et al. [4] stated that
the use of roofing waste tended to increase the stiffness
of the mixtures. This could be reasonably expected due
to use of higher viscosity asphalt in the shingles along
with the reinforcing effect of the fiber.

Information provided from Brock and Shaw [3]
showed that if a contractor provided a mixture with
3% organic shingles. the HMA cost could be reduced
by 2.79S per ton.

Newcomb et al. [6] conducted some experiments so as
to evaluate the use of roofing shingle waste from the
manufacturing process and from reroofing construction
as additives in both dense-graded and stone mastic as-
phalt mixtures. The study concentrated on low temper-

ature and permanent deformation characteristics of

HMA mixtures manufactured with roofing wastes. Their
study showed that

I. Manufactured shingle waste can be incorporated into
dense-graded asphalt concrete.

2. The use of shingle waste can result in a reduction of

optimum binder content.

3. The utilization of fiberglass manufactured shingle
waste in HMA would not offer an advantage at low
temperatures.

4. The addition of shingle to dense-graded mixtures
improves the rutting resistance of the mixture.

Grzybowski [7] evaluated the use of recycled asphalt
in dense-graded mixtures. The study concluded that the
use of shingle waste would improve the rutting resist-
ance of the mixture.

Al et al. [8] studied the feasibility of using reclaimed
roofing materials in HMA pavements. The results indi-

sated that the use of shingles increased the stiffness of

the mixtures. The addition of roofing shingles also re-
sulted in a reduction in the additional asphalt cement
(AC) required to produce an HMA mixture. Laboratory
studies also indicated that incorporating shingle waste in

asphalt mixes tends to improve high temperature suscep-
tibility and rutting resistance properties as well as fati-
gue life of pavements.

Foo et al. [9] prepared mixture designs of HMA mix-
tures with and without shingles. Their study showed that

1. The asphalt [rom the shingles causes a significant in-
crease in the stiffiness of the recycled asphalt binder.
and in order to increase the performance grade
(PG) of the recycled asphalt binder by one grade,
3% additional shingle is sufficient.

. The use of shingles in HMA mixture improves the
rutting resistance of the mix. However. the mix may
have a lower fatigue resistance and also a lower low
temperature cracking resistance. The use of appropri-
ate softer neat asphalt improves the fatigue and low
temperature performance of the mix.

2

3. Processing and engineering properties of roofing
shingles

3.1. Processing

Asphalt roofing shingles undergo some processing be-
fore being used in HMA. These processes are shredding,
screening, blending and watering.

Roofing shingle scrap used in HMA is typically
shredded into picces approximately 13 mm (1/2 in.) in
size and smaller using a shingle shredding machine that
consists of a rotary shredder or a high speed hammer
mill. After this operation, shredded shingles are screened
to the desired gradation and stockpiled. Experience indi-
cates that the size of processed pieces should be no lar-
ger than approximately 13 mm to ensure complete
digestion of the roofing shingle scrap and uniform incor-
poration into the HMA [10]. Scrap shingle greater than
13 mm in size does not readily disperse. functioning
much like aggregate.

Processed roofing shingle material can harden during
stockpiling, necessitating reprocessing and rescreening
prior to introduction to the hot-mix plant. In order to
mitigate this problem, processed roofing scrap may be
blended with a carrier material such as sand or recycled
asphalt to prevent the particles from sticking together.

A watering process is used to keep the roofing shingle
material from agglomerating during processing. How-
ever, the application of water is not very desirable be-
cause the processed material becomes quite wet and
must be dried prior to introduction into the HMA.

3.2, Engineering properties

Some of the properties of roofing shingles tabs are
of particular interest when roofing shingles are used
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in asphalt paving including asphalt cement content
(ACC), asphalt hardness, aggregate content and grada-
tion [10].

The composition of roofing shingle waste materials is
complex, varying between product types and forms.
They are generally composed of 30-40% air-blown as-
phalts: 50-60% inorganic mineral filler/granules which
supplement the fine aggregate fraction of HMA; and
1-12% inorganic and/or organic fiber (fiberglass, cellu-
lose, etc.) [7.10].

Accurate determination of the shingle scrap asphalt
content and penetration is not possible using conven-
tional recovery techniques because asphalt in shingle
waste is much harder than that normally used in asphalt
concrete paving mixtures. It also contains fibers which
tend to stiffen asphalt concrete mixtures. Extended soak-
ing periods are required to extract and determine the
available asphalt.

The properties of the AC are shown in Table 2. As
seen from the Table, the AC used in this study is 60/70
penetration grade asphalt (ASTM D 946).

The roofing shingle waste was provided by BTM A.S,
a local company in Izmir/Turkey. The properties of the
shingle waste are given in Table 3.

4.2. Experimental programme

The plan of this study included the following steps:

1. Determine aggregate physical properties: This sec-
tion includes sieve analysis (ASTM C 136): specific grav-
ity of coarse aggregate (ASTM C 127), fine aggregate
(ASTM C 128) and filler (ASTM D854); Los Angeles
abrasion resistant test (ASTM C 131). flat and elongated

Table 2
Properties of asphalt cement

Properties Specification used
4. Experimental Source Aliaga/Turkey
Penetration grade 60/70
4.1. Muarerials Penetration at 25 °C 66 ASTM D 5
Specific gravity 1.029 ASTM D 70
; i g 5 Softening point (°C) 49 ASTM D 36
HMA mixtures were prepared with ln_nestone aggre- T ossoan heating (06) , ASTM D 6
gate from Torbali/lzmir quarry. Gradation chosen for Flash point (°C) 296 ASTM D 92
this project is the wearing course Type 2 gradation of Ductility at 5 em/min >100 ¢m ASTM D 113
Turkish specifications. Table | summarizes the proper- Viscosity at |32 C 0.420 Pas ASTM D 44(13
ties of the aggregate. Viscosity at 165 °C 0.114 Pas ASTM D 4402
Table |
Properties ol aggregate
Test Specification used Actual value Criteria
Gradation ASTM C 136
34 in. 100 100
112 in. 92 83-100
3/8 . bl T0-90
No. 4 48 40-55
No. 10 2 25-38
No. 40 15 10-20
No. 80 10 6-15
No. 200 7.5 4-10
Specilic gravity (coarse aggregate) ASTM C 127
Bulk 2.663
SSD 2.678
Apparent 2.705
Specific gravity (fine aggregate) ASTM C 128
Bulk 2.650
SSD 2,670
Apparent 2,703
Specific gravity (filler) 2.686
LA Abrasion (") ASTM C 131 21.5 Max. 35-45%
Flat and elongated particles (") ASTM D 4791 7.5 Max. 10%
Fine aggregate angularity ASTM C 1252 42 Min. 40% for medium traffic level
AFNOR P 18-564 (French specification) 36 Min. 35% for medium traflic level

Soundness AASHTO T 104

1.2 Max. (10-20%%)
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Table 3
Properties of the shingle”

Type of material Value ("4)
Asphalt (10/20) 32
Fiberglass (glass felt)
Filler (CaCO4)
Aggregate (Basaly)

* Provided by BTM A.S./lzmir. Turkey.
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particles test (ASTM D 4791). fine aggregate angularity
test (ASTM C 1252, AFNOR PI18-564), and soundness
test (AASHTO T 104).

2. Determine the asphalt cement properties: This
section includes specific gravity test (ASTM D 70),
penetration test (at 25 °C) (ASTM D 5). softening
point test (ASTM D 36). loss on heating test (ASTM
D 6). flash point test (ASTM D 92), ductility test
(ASTM D 113). and viscosity test (at 135 and
165 °C) (ASTM D 4402).

3. Perform Marshall method and determine optimum
ACC: In determining the optimum ACC for a particular
gradation of aggregates by Marshall method of mix de-
sign (ASTM D 1559), a series of test specimens are pre-
pared for a range of different ACC so that the test data
curves show a well defined optimum value.

Tests should be scheduled on the basis of 0.5% incre-
ment of asphalt content. Three test specimens are pre-
pared for each ACC used in order to provide adequate
data. Thus, a hot-mix design study using six different
ACC will normally require 18 test specimens.

Before preparing mixtures, approximately 1150 g of
the mix aggregates and the filler are taken and heated
to a temperature of 175-190 °C. The bitumen is heated
to temperature of 135-140 °C and the required quantity
of the first trial percentage of bitumen (say 4% or 4.5%
by weight of the aggregates) to the heated aggregates
and throughly mixed at the desired temperature of
160-165 °C. The mix is placed in a preheated mould
and compacted by a Marshall hammer with 75 blows
(for wearing course) on either side at temperature of
138-149 °C. The weight of mixed aggregates taken for
the preparation of the specimen may be suitably altered
to obtain a compacted thickness of 63.5%f3 mm.
(2" in.) (corrections can be made for different sample
thicknesses) [11].

The Marshall stability of a test specimen is the max-
imum load required to produce failure when the speci-
men is preheated to a prescribed temperature (60 “C)
placed in the special test head and the load is applied
at a constant stain (2 in. per minute). While the stability
test is in progress, the dial gauge is used to measure the
vertical deformation of the specimen: the deformation
read at the load failure point is expressed in units of
0.25 mm and is called the Marshall flow value of the
specimen [11].

The test is repeated for other specimens of each
ACC and an average value for each ACC is taken.
As the specific gravity of aggregates and asphalt. bulk
density. stability and flow value of the specimen are
known, the following graphical curves can then be
plotted:

(a) Corrected Marshall stability versus asphalt content.

(b) Marshall low versus asphalt content.

(¢) Percentage of void (Vh) in the total mix versus as-
phalt content.

(d) Unit weight or bulk specific gravity (Dp) versus as-
phalt content.

(e¢) Percentage of void filled with asphalt (VFA) versus
asphalt content.

(f) Percentage of void in mineral aggregate (VMA) ver-
sus asphalt content.

To determine the optimum asphalt content for the
mix design, one takes the average value of the following
three asphalt contents found from the graphs obtained
in the previous steps.

(i) Asphalt content corresponding to maximum stabil-
iy,
(i1) Asphalt content corresponding to maximum bulk
specific gravity (Dp).
(ii1) Asphalt content corresponding to the median of de-
signed limits of percent air voids (Vh) in the total
mix (i.e., 4%).

By referring to the curves, stability value. low value
and VFA at the optimum asphalt content are deter-
mined and each of these values is checked with Marshall
mix design specification values.

Mixes with very high stability value and low flow va-
lue are not desirable as the pavements constructed with
such mixes are likely to develop cracks due to heavy
moving loads.

4. Prepare HMA mixtures that contain 1-5% roofing
shingle as well as control mixtures.

5. Determine the engineering properties of HMA
mixtures with and without shingles by conducting Mar-
shall stability test.

6. Draw conclusions based on the results.

7. Conduct rutting tests on the mixtures that contains
the optimum single content addition which gives the best
value in terms of Marshall stability.

The purpose of the tests performed with the LCPC
(Laboratoire Central des Pont et Chaussees) Pavement
Rutting Tester (French type traffic simulation equip-
ment) is to characterize the resistance to rutting of the
asphaltic materials in conditions which are similar to
prevailing conditions on roads.

8. Make overall conclusions and provide recommen-
dations on the use of shingles and on further research.
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4.3. Test results and discussion

4.3.1. Marshall mix design

After determining the properties of the materials used
in this project, the Marshall stability test was conducted
on the specimens that contain different asphalt content
in order to determine the optimum asphalt content.
The result of Marshall mix design is presented in Table
4 and Fig. 1.

The optimum asphalt content that corresponds to 4%
air voids was found as 5%. The calculated and measured
mixture properties and their comparison according to
design criteria are given in Table 5.

As seen from Table 3, all of the properties of mixture
are within specification limits for wearing course.

After determining the design asphalt content (5%), in
order to evaluate the effect of shingle waste addition on
the properties of conventional (unmodified-neat) HMA,
the Marshall stability test was conducted on the mix-
tures that contain no shingle (control mixes) and on
the mixtures that contains 1-5% of roofing shingle
wasle.

The reason for using 5% as the maximum value of
shingle waste addition is that above 5% shingle waste
addition, the HMA mixture will exceed the binder toler-
ance which is £0.3%. Information on materials used to
procedure HMA mixtures is given in Table 6.

The Marshall stability test results of the mixtures that
contain shingle waste and control samples; and the
change of Marshall stability values based on different
shingle waste addition are given in Table 7 and Fig. 2,
respectively.

From Fig. 2. it can be seen that Marshall stability val-
ues increase up to 1% shingle waste addition. However,
as the shingle waste addition increases. the stability val-
ues decrease. Therefore, it can be concluded that stabil-
ity values increases of up to 1% shingle waste addition
give the best results in terms of stability. It should be
noted that the level of air voids decreases with shingle
waste addition (Table 7). Based on the past research
[6]. it was found out that mixtures containing shingle
waste were casier to compact then conventional
(unmodified) mixtures. Therefore, it can be concluded
that a very low air void level in mixtures may be due
to the shingle waste addition.

Researchers indicated that the use of roofing shingle
waste can result in a reduction of optimum asphalt con-
tent [12.13]. Based on past studies, in order to evaluate
the utilization of shingle waste on the reduction of opti-
mum asphalt content, 3% asphalt content was decreased
by 0.5% and 1%. The Marshall stability test was con-
ducted on the specimens that were prepared with these
two asphalt contents (4.5% and 4%) and 1% roofing
shingle waste. Results are presented in Table 8.

Table 4
Marshall design
Specifie gravity of bitumen . | 029 i
Number of blow : 75 Marshall design Bulk specific gravity of mix 2658
Effective specific gravity of mix 2,687
Py T = = = P 4 = =
st ] . =8| nE2 8 o Ly C 2 =
2 |1 Z2ked E|253|52%8: z = - = s |
= = O = |= §_ | = 8 = = = = = o s -
z 5 s zZ Bz - 0 - 2 £ - Specimen # = = E
s E = s |2a height (mm) = e & E
g = = = = 5 £ 2 = s
= = %l- '? o B-C ANV | ......'.. o [ Y] RN [Vt 1L 1 | T A E = E g
5‘ 3 3 £, (11} % E t_ :
= -
w, | w, A C B v n, 0D, P, VMA v 1 2 3 | Ave < <
1 1193 | 690 1196 | 506 2358 642 | 640 | 641 | 6401 958 0985 | 944 25
2 40 | 385 1192 [$h4.3 1194 | 506 2356 54 5 640 | 642 | 641 4.1 1053 | 0985 1037 23
3 1194 | evo | 1197 so7 | 23ss 2530 6573 14,765 S3a14 | 640 | 643 | 641 | 640 | vse | 0oss | o7a | 2
2,356 985 2,423
] 198 | 693 [ 1199 | 506 | 2368 636 | 640 | 638 | 638 [ 1070 [ o992 | 1061 | 25
5 45 | 431 1197 | 694 1198 | 504 2375 YL 55 637 | 638 | 637 | 63.7 1006 | 0995 | 1001 28
6 1197 | 694 | 1198 | 504 [ 2375 g 5570 14584 01759 | 636 | 636 | 636 | 636 | 1026 | owes | 1op4 | 25
2373 1029 | 2,60
7 1205 702 1206 | S04 2391 635 | 633 | 634 | 634 1Hi4 | 1003 1117 28
8 50 | 476 | 1203 | 701 | 1204 | 503 | 2392 2 5 635 | 631 | 618 | 628 [ 1000 | 1,006 | HNG 28
9 1202 | 701 | 1203 | 502 | 2704 2496 4134 14252 | 3 20 | 622 | 627 | w023 | 113 | 1036 | 25
2392 1036 | 2,70
{1} 1209 707 1210 | 503 2404 634 | 626 | 610 | 623 1032 | 1011 1043 28
i oss 52| a2 | s | 1212 | so4 | 2403 4 ApES 625 | 631 | 616 | 624 | 1016 | 1oI8 | 1034 [ 28
12 201 | 08 | 212 | S04 | 2403 | 27 Siss 1803 78641 | 636 | 628 | 617 | 624 | 1006 | 1021 | 1027 | 25
2403 1034 | 2.70
13 1210 | 707 [ 1211 | 504 [ 2401 637 | 632 | 617 | 629 | 972 [ 1003 | 975 28
14 60 | 366 | 1212 | T08 1213 | 505 2400 46D 25 634 | 638 | 613 | 628 921 1000 | 921 25
15 1210 | 707 | 1211 | S0 | Zam o 2313 173 BT | 632 | e3s | o3 627 | o1s | vonr | 925 | 2%
2401 940 | 2,80
16 1210 TO6 1211 505 2396 637 | 632 | 61.7 | 629 K78 1.003 881 28
17 65 | 610 1216 Ti0 1217 | 507 2398 ” - (7 %17, 634 | 635 | 613 | 628 857 09958 855 28
18 1205 ] 700 | 1216 | S07 | 2396 | 2498 2B 15,324 86811 632 | 635 | 613 | 627 | 867 | 1066 | 924 0
2397 K87 2.87
Specific gravity of bi n (Gh) 1.029 Coarse aggregate % (K%) 46,00 Specific gravity of coarse agg. (Gk) | 2663
Penetration 6070 Fine aggregate % (1%) 44,1 Specific gravity of fine agg. (Gi) 2,650
Bitumen abs. of aggregate (Pba) | 0418 Filler % (F%) 49 Specific gravity of filler (G 2,680
Effective sp. grav. of mix (Gef) 2.687 Bulk s pecific gravity of mix (Gsh) 2658 Aggregate (gr.) 1150
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Fig. 1. Marshall mix design values,

Results showed that for both of the specimens com-
pacted with 4.5% and 4% binder content together with
1% shingle waste. the Marshall stability values in-
creased when compared to the control samples (com-
pacted with optimum binder content of 5%). Among
these. the sample prepared with 4.5% binder content
gave the best value in terms of stability. Therefore, it
can be concluded that the utilization of roofing shingle
waste in HMA results in a reduction in the optimum
asphalt content. The 0.5% reduction in the optimum
binder content can result in significant reduction in
the cost of HMA.

It is interesting to note that the level of air voids is
higher when compared to the control samples. It may
be due to the reduction of asphalt cement content. How-
ever. the level of air void that corresponds with the mix-
ture that contains 4.5% asphalt stays within the
specification limits (3-37%).

4.3.2. Rurting test

When taking 1% roofing shingle waste addition into
account, rutting tests were performed on both of the
specimens compacted without shingle and 1% shingle
waste addition by LCPC pavement rutting tester.
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Type of material Value Design criteria for surface course (heavy traffic
condition)
Minimum Maximum
Marshall stability 1036 900
Bulk specific gravity (Gsb) 2.658
Flow (mm) 2.70 2 4
Voids in total mix 4.136 3 5
Aggregate voids filled with asphalt (VFA) 71.041 65 85
Voids in mineral aggregate (VMA)' 14.282 14
Blows 75 75
" Based on normal maximum aggregate size.
Table 6
Material information for Marshall design
No Shingle ¥ Shingle 2% Shingle 3% Shingle 4% Shingle 5% Shingle
Aggregate (gr) 1150 1137.925 1128.85 1113.775 1101.7 1089.625
Binder (gr) (5% of mixture weight) 57.5 37.5 575 57.5 57.5 575
Shingle (gr) 12075 24.15 36.225 48.3 60.375
Mixture (gr) 1207.5 1207.5 1207.5 1207.5 1207.5 1207.5
Binder tolerance (£3%) 0.05%, 0.09%, 0.16% 0.22% 0.26%

The test was performed on asphalt concrete slabs
(500 x 180 x 100 mm) at 60 °C. The compaction was
performed by “LCPC Plate Compactor™ for all the

mix specimens. The specimens were set at room temper-
ature for 12 h before being tested. The applied load on
each pneumatic wheel (400 mm diameter by 90 mm

Table 7
Marshall stability test results based on shingle waste addition
Specific gravity of bilumen 1029
Number ofblow : 75 Marshall design based on shingle waste addition Bulk specific gravity of mix 2,658
Effective specific gravity of mix 2.687
= = o o > I = = 4 -
e = F E |z £| =28 < = ® -
S & - TLEH 2 |Z%z25% 3% = = - = e =z
= = 2 = = 4 2 -
& : e 2" 2%n| = Z g Specimen 2| &3]z
£ E = |z 5% height (mm) | s[5 |E
= = ' Z £ = =
. = £y
w, | w A C B v D, n, ¥, VMA v, 1 2 3 | Ave s S
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Fig. 2. Marshall mix design values based on shingle content.

wide) was 5000 N during the test that provides 600 kPa
flexible wheel pressures.

A pre-test loading condition was applied prior to
determination measurement: specimens were subjected
to 1000 cycles without preheating (1 cycle =1 travel
and return of the tyre). Deterioration measures were
then carried out after 100, 300, 1000, 3000. 10000,
30000, 50000 cycles. The test was stopped when the
average recorded rut depth after a series of measures
was higher than 10% and that the previous results

anticipated a rut depth of more than 15% at the follow-
ing step.

The rut depth was obtained by calculating the aver-
age ol the 15 measurements located under the wheel
movement between the origin and the considered cycles.
It is expressed in percentage of the thickness of the orig-
inal specimen.

Pi(%) = I(]{}(Z.j(m,, - m..,})/(IS ¥ E): (1)
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Table 8§
Marshall stability test results based on optimum binder content reduction
Specific gravity of bitumen 1020
Number of blow : 75 Marshall design based on opt. hinder content reduction Bulk specific gravity of mix 2658
Effective specilic gravity of mix 2687
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e - = 129 T |22~ R4 g 3 < = . = Z = =
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7 = £
w,lw| al|C|B|V]| D D, v, VMA v, 1] 2| 3 [aw G| o
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2392 1053 | 2,70
1180 | 692 | 1181 | 489 | 2412 600 | 603 ] 602 | 600 | 1241 | 1099 | 1364 | 32
1% | 45 | 431 | 1187 | 695 | 1189 | 494 | 2403 2513 4761 13846 65613 610 | 608 | 608 | 609 | 1227 | 1,097 | 1346 | 28
175 | 681 | 1178 | 497 | 2364 610 | 608 | 608 | 609 | 1161 | 1097 | 1274 | 27
2393 1328 | 2,90
1195 | 693 | 1197 | 504 | 2370 624 | 622 | 625 | 624 | 1102 | 1092 | 1203 1.8
1% | 40 | 385 1191 | 697 | 1192 | 495 | 2406 2530 5954 13919 57225 615 | 61,6 ] 618 | 616 | 1208 | 1094 | 1322 1.6
1199 | 694 | 1201 | 507.5| 2363 623|623 ] 625 | 623 [ 1149 | 1092 | 1255 | I8
2380 1260 | 1.73
Specific gravity of bitumen (Gb) | 1,029 Coarse aggregate % (K%) 46,0 Specific gravity of coarse agg. (Gk) | 2,663
Penetration 6070 Fine agpregate % (1%) 49,1 Specific gravity of fine agg. (Gi) 2650
Bitumen abs. of aggregate (Pha) | 0418 Filler % (F%) 49 Specific gravity of filler (Gf) 2,686
Effective sp. grav. of mix (Gef) 2087 Bulk specific gravity of mix (Gsb) 2658 Aggregate (gr.) 1150

where J is the number of measured points: my; the meas-
ure of a certain cycle (average of 15 points); m,, the
measure of after 1000 cold cycles (average of 15 points);
and E is the depth of the sample.

The results of the rutting tests are given in Fig. 3.

It should be noted that at the end of 10000 wheel
load cycles, the rut depth for the mixture prepared with
1% shingle waste was about 4 mm. while the rut depth

18 —

for the mixture prepared without shingle was about 16
mm. In addition, the rut depth value after the 30000 cy-
cles (7.5 mm) of the mixture containing shingle is under
the specification limit (10 mm).

This results show that the addition of roofing shingle
waste improves the rutting resistance of the mixture con-
siderably.

16 /L‘m 5. Conclusions and recommendations
14
T 12 Th? objectives of this study were to firstly evaluate
E s the utilization of shingle waste addition on the perform-
£ 10 —— : ance of HMA in terms of stability and resistance to per-
g‘ 8 m;/ manent deformation and secondly to determine the
5 6 addition on the reduction of optimum asphalt content.
& : ; : e
The literature review showed that shingle waste addi-
4 : tion increases the stiffness of asphalt concrete paving
2 . mixtures. In cold climate conditions, this situation can
0 ' lead to problems with thermal cracking. However, this

0 10000 20000 30000 40000 50000 60000
Number of Passes

—#—AC 60170471 Shingle @ AC 6070 |

Fig. 3. Rutling test results.

project was performed in the hot climatic conditions in
Turkey. Therefore, rutting properties of asphalt con-
crete that contains shingle waste are the main focus of
this experimental investigation rather than cold temper-
ature properties of asphalt pavement.
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Based on the data presented in this paper, the follow-
ing conclusions can be drawn:

I. Manufactured roofing waste shingles can be incorpo-
rated into the dense graded mixtures and the addition
of these waste shingles can produce properties compa-
rable to conventional (unmodified) HMA mixtures.

2. The effect of shingle waste addition on the properties
of HMA (containing 1-5% shingle waste) was evalu-
ated by Marshall mix design (Table 7). From Fig. 2.
it is concluded that Marshall stability values increase
up to 1% shingle waste addition. However, as the shin-
gle waste addition increases, the stability values de-
crease. Therefore. it can be concluded that 1%
shingle waste addition gives the best results in terms
of stability and this content is recorded as optimum
shingle content addition.

3. The stability values of the mixtures that contain 3%
and 4% shingle waste are somewhat lower than the
control samples. However, the stability values of
these mixtures are still higher than the minimum va-
lue of the specification criteria which is 900 kg.

The addition of shingle waste above 5% may cause
some problems: the binder tolerance of +0.3% will
be exceeded and also some problem may arise during
application in batch plants if feeding is done manually.

4. Although shingle waste addition of more than 2% de-
creases the stability values compared to control sam-
ples. flow values do not significantly change and all
flow values stay within the specifications (Table 5).

5. The air void level of mixtures containing shingles
waste decreases because mixtures containing shingle
waste were easier to compact then conventional mix-
tures. This is also due to the composition of the shin-
gle. which contains 30% filler.

6. In order to evaluate the utilization of shingle waste on

the reduction of the optimum asphalt content, the
Marshall test was conducted on the specimens that
were prepared by 4.5% and 4% asphalt content to-
gether with 1% shingle waste.
The results showed that the reduction of the optimum
bitumen binder content by 0.5% in the HMA that
contains 1% roofing shingle waste significantly in-
creases the stability values of the mixture that con-
tains the same percentage of shingle waste (Table
8). This is another benefit of using a roofing shingle
waste in HMA from the performance and economic
point of view.

7. The rutting test was performed on the specimens that
contain 1% shingle waste by LCPC pavement rutting
tester. Test results (Fig. 3) show that the addition of
shingle waste improves the rut resistance of the mix-
ture significantly.

8. The literature review indicated that fiberglass shingle
waste does not affect the low temperature properties
of the mixture. However. it may improve the resist-

ance o latigue cracking of the asphalt concrete pave-
ment. This study could be improved by conducting
further research in order to evaluate the fatique
cracking properties of HMA.

Based on the above results. the advantages of the uti-
lization of shingle waste in HMA are listed below:

ot

. A reduction in the cost of shingle waste disposed.
. An environmental benefit resulting from the conser-
vation of landfill space.

3. A reduced cost in the production of HMA concrete
resulting from reduction in the use of new material.

4. An improved resistance to pavement cracking due to

reinforcement provided by the fibers in shingle.

An improvement to pavement rutting due to a combi-

nation of the fibers and harder asphalt (10/20 pene-

tration at 25 °C) used in the shingle.

I
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